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Figure S1: Reconstructing cell-type-specific methylation levels from simulated bulk whole-blood

data with three constituting cell types (k = 3; 250 samples, 250 sites). Three approaches were

evaluated in capturing the cell-type-specific levels of each site j and cell type h across all indi-

viduals zhj = (z1hj, ..., z
n
hj): TCA, TCA after permuting the observed data matrix (“Permutation”)

and directly using the observed bulk data (“Observed”; i.e. using the bulk as the estimate for the

cell-type-specific levels of each cell type). For each of the evaluated approaches and for each of

the simulated cell types (ordered by their mean abundance), presented are the distributions of the

linear correlation between zhj and its estimate ẑhj across all sites j and across ten simulated data

sets (left), and the distribution of the MSE between zhj and its estimate ẑhj across all sites j and

across ten simulated data set (right).
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Figure S2: Reconstructing cell-type-specific methylation levels from simulated bulk whole-blood

data with six constituting cell types (k = 6; 250 samples, 250 sites). Three approaches were

evaluated in capturing the cell-type-specific levels of each site j and cell type h across all indi-

viduals zhj = (z1hj, ..., z
n
hj): TCA, TCA after permuting the observed data matrix (“Permutation”)

and directly using the observed bulk data (“Observed”; i.e. using the bulk as the estimate for the

cell-type-specific levels of each cell type). For each of the evaluated approaches and for each of

the simulated cell types (ordered by their mean abundance), presented are the distributions of the

linear correlation between zhj and its estimate ẑhj across all sites j and across ten simulated data

sets (top), and the distribution of the MSE between zhj and its estimate ẑhj across all sites j and

across ten simulated data set (bottom).
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Figure S3: Estimating the effect sizes of covariates affecting methylation using TCA. Presented are

true (X axes) and estimated (Y axes) effect sizes in simulated whole-blood methylation data with

three constituting cell types (k = 3) and varying sample sizes (separated by different columns).

Two scenarios were considered using a range of effect sizes: (1) estimating the effect of a covariate

with global (i.e. non-cell-type-specific) effect on methylation (top row), and (2) estimating the

effect of a covariate with cell-type-specific effect on methylation (rows 2-4). In the latter scenario,

we considered a separate experiment for each of the three cell types, such that in each experiment

the covariate affected the particular cell type under test. Throughout these experiments, covariates

were generated from a normal distribution, and both global (δ) and cell-type-specific (γ) effect

sizes were sampled from a uniform distribution.

4



gl
ob

al
N

K
 c

el
ls

C
D

4+
C

D
8+

B
 c

el
ls

G
ra

nu
lo

cy
te

s
n=100 001000=n003=n n=500

M
on

oc
yt

es

5



Figure S4: Estimating the effect sizes of covariates affecting methylation using TCA. Presented are

true (X axes) and estimated (Y axes) effect sizes in simulated whole-blood methylation data with

six constituting cell types (k = 6) and varying sample sizes (separated by different columns). Two

scenarios were considered using a range of effect sizes: (1) estimating the effect of a covariate

with global (i.e. non-cell-type-specific) effect on methylation (top row), and (2) estimating the

effect of a covariate with cell-type-specific effect on methylation (rows 2-7). In the latter scenario,

we considered a separate experiment for each of the three cell types, such that in each experiment

the covariate affected the particular cell type under test. Throughout these experiments, covariates

were generated from a normal distribution, and both global (δ) and cell-type-specific (γ) effect

sizes were sampled from a uniform distribution.
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Figure S5: An evaluation of false positives rates in association testing with DNA methylation.

Performance was evaluated using two approaches: TCA and a standard linear regression with the

observed bulk data (OBS). The proportions of false positives (FPs) were measured under three

scenarios using a range of effect sizes: different effect sizes for different cell types (Scenario I),

the same effect size for all cell types (Scenario II), and only a single effect size for a single cell

type (Scenario III); each of the scenarios was evaluated under the assumption of three constituting

cell types (k=3) and six constituting cell types (k=6). Boxplots reflect results across multiple

simulations.
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Figure S6: An evaluation of power for detecting cell-type-specific associations with DNA methy-

lation, stratified by cell types. Performance was evaluated using two approaches: TCA with a

marginal test and a standard linear regression with the observed bulk data (OBS). The numbers

of true positives were measured under a scenario where only a single effect size for a single cell

type exists, both in the case of three constituting cell types (k=3) and six constituting cell types

(k=6). The colored areas reflect results across multiple simulations, and the colored dots reflect

the results of TCA under different initializations of the cell-type composition estimates, where the

color gradients represent the mean absolute correlation of the initial estimates with the true values

(across all cell types).
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Figure S7: An evaluation of false positives rates in association testing with DNA methylation,

stratified by cell types. Performance was evaluated using two approaches: TCA with a marginal

test and a standard linear regression with the observed bulk data (OBS). The proportions of false

positives (FPs) were measured under a scenario where only a single effect size for a single cell

type exists, both in the case of three constituting cell types (k=3) and six constituting cell types

(k=6). Boxplots reflect results across multiple simulations.
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